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Impact of succinate derivatives on oxidant/
antioxidant balance system in the rat pancreas 
and liver 
Topicality. The succinate derivatives are widely used as a basis for the metabolite type drugs development which possess various pharmacological effects. The start of drugs production and their medical use depends directly on their 
safety for health. The xenobiotic safety assessment involves the identification of such changes that may be associated with mechanisms of adaptation or damage in organs and systems of the organism.
Aim. To determine the nature of succinate derivatives’ impact on the indices of the lipid peroxidation and antioxi-dant system in pancreas and liver of rats.
Materials and methods. The succinate derivatives were administered to rats orally 30-fold. The biological material studied were the homogenate of pancreas and liver. We determined the content of the dienic conjugates, lipid hydroper-
oxides and thiobarbituric acid reactive substances. We also verified the activeness of catalase, superoxide dismutase, glutathione peroxidase and glutathione S-transferasees.
Results and discussion. We found the influence of succinate derivatives in sub-toxic doses characterized by increased intensity of the lipid peroxidation in the pancreas interconnected with the changes in the activity of these reactions in the liver. These effects were determined due to the antioxidant enzymes activity decrease. The compounds’ impact differed in the de-
gree of disorders in the oxidative-antioxidant organs homeostasis . We have registered that the influence of relatively low doses of the succinate derivatives caused less severe and multidirectional changes in the lipid peroxidation indices and signs of the enhanced the antioxidant protection in the studied organs.
Conclusions. The succinate derivatives course changes in the activity of the free radical oxidation and antioxidant system in pancreas and liver thus can affect the state of the metabolic processes in organism.
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Вплив сукцинат-похідних на систему оксидантно-антиоксидантного балансу  
в підшлунковій залозі та печінці щурів 
Актуальність. Сукцинат-похідні широко застосовуються для розробки на їх основі лікарських засобів мета-
болічного типу дії з різноманітними фармакологічними ефектами. Впровадження лікарських засобів у вироб-
ництво та медичну практику напряму залежить від їх безпечності для здоров’я. Оцінка безпечності ксенобіо-
тиків передбачає виявлення таких змін, які можуть впливати на механізми адаптації або пошкодження органів 
та систем організму.
Мета роботи – з’ясувати характер впливу сукцинат-похідних на показники ліпопероксидації та антиокси-
дантної системи у підшлунковій залозі та печінці щурів.
Матеріали та методи. Сукцинат-похідні вводили щурам перорально 30-разово. Біоматеріалом служили 
гомогенат підшлункової залози та печінки. Визначали вміст дієнових кон’югатів, гідропероксидів ліпідів, ак-
тивних сполук, які реагують з тіобарбітуровою кислотою, активність супероксиддисмутази, каталази, глутатіон-
пероксидази та глутатіон-S-трансферази.
Результати та їх обговорення. Встановлено, що вплив сукцинат-похідних в субтоксичних дозах характе-
ризується підвищенням інтенсивності ліпопероксидації у підшлунковій залозі, що взаємопов’язано зі змінами 
активності цих реакцій у печінці щурів. Такі ефекти обумовлені зниженням активності антиоксидантних ензи-
мів. Дія сполук відрізняється за ступенем порушення окисно-антиоксидантного гомеостазу органів. У відносно 
малих дозах сполук зареєстровані менш виражені, різноспрямовані зміни показників ліпопероксидації та озна-
ки покращення антиоксидантного захисту органів.
Висновки. Сукцинат-похідні викликають зміни стану вільно-радикального окиснення та антиоксидантної 
системи у підшлунковій залозі та печінці, що може впливати на перебіг метаболічних процесів в організмі. 
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Влияние сукцинат-производных на систему оксидантно-антиоксидантного 
баланса в поджелудочной железе и печени крыс 
Актуальность. Сукцинат-производные широко применяются для разработки на их основе лекарствен-
ных средств метаболического типа действия с разнообразными фармакологическими эффектами. Внедрение 
лекарственных средств в производство и медицинскую практику напрямую зависит от их безопасности для 
здоровья. Оценка безопасности ксенобиотиков предусматривает выявление таких изменений, которые могут 
влиять на механизмы адаптации или повреждения органов и систем организма.
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Цель работы – выяснить характер влияния сукцинат-производных на показатели липопероксидации и анти-
оксидантной системы в поджелудочной железе и печени крыс.
Материалы и методы. Сукцинат-производные вводили крысам перорально 30-кратно. Биоматериалом 
служили гомогенат поджелудочной железы и печени. Определяли содержание диеновых конъюгатов, гидро-
перекисей липидов, активных соединений, реагирующих с тиобарбитуровой кислотой, активность каталазы, 
супероксиддисмутазы, глутатионпероксидазы и глутатион-S-трансферазы.
Результаты и их обсуждение. Установлено, что влияние сукцинат-производных в субтоксических дозах 
характеризуется повышением интенсивности перекисного окисления липидов в поджелудочной железе, кото-
рое взаимосвязано с изменениями активности этих реакций в печени крыс. Такие эффекты обусловлены сни-
жением активности антиоксидантных энзимов. Действие соединений отличается по степени нарушений окис-
лительно-антиоксидантного гомеостаза органов. В относительно малых дозах соединений зарегистрированы 
менее выраженные, разнонаправленные изменения показателей перекисного окисления липидов и признаки 
улучшения антиоксидантной защиты органов.
Выводы. Сукцинат-производные вызывают изменения интенсивности свободнорадикального окисления 
и активности антиоксидантной системы в поджелудочной железе и печени, тем самым могут влиять на состоя-
ние метаболических процессов в организме.
Ключевые слова: сукцинат-производные; поджелудочная железа; печень; перекисное окисление липидов; 
антиоксидантные энзимы
INTRODUCTION An important strategic direction of modern pharma- cology lies in the development of drugs based on syn-thetic analogues of nature metabolites and their deriva-tives capable (without any side effects) to reduce disor-ders in certain links of metabolism via stimulation of the adaptation mechanisms. The succinate derivatives (SD’s) possess different kinds of such biological activity as anti-
oxidant, detoxifying, membrane-stabilizing, energy- and 
immune-stimulating ones, which play a significant part in mechanism of their regulatory impact on liver func-tional state, pancreas, adrenal glands, cardiovascular sys-tem, hemostasis e.a. Today the succinic acid and its meta- bolites are often made the basis of the renowned drugs 
with the anti-hypoxic, anti-diabetic, anti-inflammatory, cardio- and hepatoprotective actions [1-4].The expressed anti-diabetic properties were identi-
fied in β-phenylethylamide of 2-oxysuccinanyl acid (β-PhEA- 
OSAA) synthesized by the State Institution “V. Danilevsky 
Institute of Endocrine Pathology Problems of National Academy of Medical Sciences of Ukraine”. The mechanism of its metabolic action is associated with stimulation of energetic metabolism, oxidative stress suppression in mito-
chondria as well as with reduction of the non-enzymatic 
glycosylation [5]. The following are The first phase of 
β-PhEA-OSAA biotransformation brings out its two meta- bolites, 2-hydroxyphenylsuccinamid (2-HPhSA) and β-phe- 
nylethylsuccinamid (β-PhESA), that also belong to SD’s and may affect specific effects and toxic potential of their parent compound.
β-PhEA-OSAA plays an active component of the anti-diabetic medicine with effectiveness established by various 
diabetes models and confirmed by the clinical tests. One of the main requirements for new promising drugs covers their safety for health therefore presupposing the toxi-cological expertise of their ability to damage separate organs and organism systems.One of the initial pathobiochemical mechanisms of all xenobiotics impacts is believed to lie in the pro-/anti-oxidant homeostasis disorders that lead to changes in 
various links of metabolism [6]. The biochemical proces- ses are most active in the liver which is involved in de-toxification of xenobiotics including most medicines. However, the drug biotransformation forms their toxic metabolites capable to disrupt some functions of the liver so forth affecting the functional state of many organs and systems. The normal as well as pathological liver has a close functional connection with the pancreas, and changes of these central organs of the digestive system state can essentially affect the activity of metabolism in the orga- nism. Damages in liver and pancreas, regardless their ge- nesis, may be initiated by an oxidative stress due to gene- ration of an active form of oxygen and nitrogen with a de-
crease in level of the pro-inflammatory cytokines. On the other hand, it is known that the pancreas is more susceptible to intoxication than the liver as it differs by a low activi-
ty of the antioxidant enzymes and glutathione-synthetic processes that contribute to an intensive advancement of the oxidative stress in this organ [7]. The interconnec-tion between changes of prooxidant-antioxidant system 
in the liver and in the pancreas under influence of the suc-cinic acid derivatives has not been exposed. The study of this issue is useful for delineation of mechanisms of the bio-logical action and safety of all compounds like these, and especially it is important for the promising antidiabetic medicines developed on their base. 
The aim is to investigate the succinate derivatives’ 
effects on the activity of the antioxidant enzymes and intensity of the lipid peroxidation reactions in the pan-creas and liver tissue in the sub-acute experiment con-ditions.
MATERIALS AND METHODS The sub-acute experiment was conducted over 48 out-bred white male rats with body weight 190-210 g. The stu- 
dy complied with the “General Ethical Principles of Ani-
mal Experiments” (Ukraine, 2001). β-PhEA-OSAA was orally administered to rats 30-fold in doses 100 mg/kg and 25 mg/kg (1/100 and 1/400 DL50 resp.). HPhSA was 
applied in doses 68 mg/kg and 17 mg/kg, and β-PhESA 
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was dosaged 72 mg/kg and 18 mgг/kg. These doses are equimolar to the above mentioned amounts of their ori- ginal compound. The control and each test groups consis- 
ted of 8 animals. After finishing of the experiment the rats were decapitated under the light ether anesthesia, and their liver and pancreas homogenate was obtained for the study of biochemical parameters.The state of the lipid peroxidation (LPO) processes was assessed by the content of the dienic conjugates (DC) [8], lipid hydroperoxides (LHP) [9] and thiobarbituric acid reactive substances (TBARS) in 10% homogenate of the li- ver and pancreas [10]. We also examined the activity of 
such antioxidant enzymes as catalase (EC 1.11.1.6) [11] 
and superoxide dismutase (SOD) (EC 1.15.1.1) [12] in 
the liver and pancreas, glutathione peroxidase (GPx) 
(EC 1.11.1.9) [13] and glutathione S-transferase (GST) 
(EC 2.5.1.18) in the liver [12]. Apart from that, we de-
fined the protein content in liver homogenate [14].Statistical analysis of the obtained results was con-
ducted with the Anova system. Normal distribution of a trait in the sequences was determined using the Shapiro- Wilk (W) criterion. Pair comparison of experimental groups with the control was performed using the Student’s t-cri-terion. The results are presented as the arithmetic mean and its probable statistical error (X ± Sx). We considered 
reliable all data at p ≤ 0.05, and close to the statistically 
significant all data at 0.05 < p ≤ 0.1. 
RESULTS AND DISCUSSION We found that under SD’s sub-acute impact the in-tensity of oxidative processes changed in the pancreas and the liver tissues of rats in parallel. The application of 
β-PhEA-OSAA at a dose 100 mg/kg as well as action of its two metabolites in equimolar amounts proved to inten-
sify the LPO in the pancreas tissue. β-PhESA (72 mg/kg) and 2-HPhSA (68 mg/kg) caused an increase in content 
of TBARS by 31 % and 44 % (Р ≤ 0.05) and to а lesser ex-
tent, of LHP by 17 % and 10 % (0.05 < Р ≤ 0.1) in the or-gan homogenate. Our study of state of the antioxidant system (AOS) in the pancreas tissue registered a de-crease in the activity of catalase under 2-HPhSA impact 
(Р ≤ 0.05) and of SOD under β-PhESA influence (0.05 < Р ≤ 0.1). 
The metabolites of β-PhEA-OSAA to a certain extent im-pacted the manifestation of this compound’s pro-oxidant 
effect characterized by a significant increase of TBARS content by 22 % and a reduction of SOD activity in the pan-creas homogenate (Tab. 1).
Under the same conditions of β-PhESA and 2HPhSA exposure, in the liver the changes of the pro-oxidant sta-tus were manifested as a tendency to increase in the con-
tent of TBARS (0.05 <Р ≤0.1) and were less expressed 
than in the pancreas. β-PhESA in the liver tissue also cau- 
sed a significant increase in the activity of catalase, but 
GPx that is close by functional purpose to this enzyme changed its activity in the opposite direction under the im-
Таble 1 
PARAMETERS OF LIPOPEROXIDATION PROCESSES AND ANTIOXIDANT SYSTEM STATE IN RAT  
PANCREAS AND LIVER UNDER SUB-ACUTE IMPACT OF β-PHENYLETHYLAMIDE OF 2-OXYSUCCINANYL  
ACID (β-PHEA-OSAA) AT A DOSE 1/100 DL50, 2-HYDROXYPHENYLSUCCINAMID (2-HPHSA)  
AND β-PHENYLETHYLSUCCINAMID (β-PHESA) AT EQUIMOLAR DOSES (X ± Sx, n = 8)
Parameters Control 1 β-PhEA-ОSAA, 100 mg/kg Control 2 2-HPhSА,  68 mg/kg Control 3 β-PhESА,  72 mg/kgPancreas homogenate Dienic conjugates, µmol/g tissue 44.6 ± 5.8 38.8 ± 3.9 54.7 ± 2.4 50.1 ± 1.8 56.3 ± 4.2 48.6 ± 5.5
ТBA-reactive substances, µmol/g tissue 68.7 ± 3.7 83.6 ± 5.4* 73.8 ± 6.7 106.3 ± 4.9* 65.4 ± 3.5 86.0 ± 7.2*Lipid hydroperoxides, µmol/g tissue 54.7 ± 4.0 55.9 ± 3.9 40.1 ± 1.1 43.9 ± 1.5** 54.9 ± 1.1 64.1 ± 3.9**Catalase, µmol/min·g tissue 55.9 ± 0.9 57.0 ± 1.8 55.8 ± 0.2 50.1 ± 0.2* 58.5 ± 0.2 58.6 ± 0.2Superoxide dismutase,  
arbit. units/min∙mg tissue
156.4 ± 6.9 82.9 ± 6.2* 139.6 ± 4.6 129.8 ± 7.7 133.7 ± 4.6 119.1 ± 6.2**Liver homogenateDienic conjugates, nmol/mg protein 0.22 ± 0.01 0.17 ± 0.01* 0.18 ± 0.02 0.19 ± 0.03 0.14 ± 0.02 0.13 ± 0.01
ТBA-reactive substances, nmol/mg protein 0.31 ± 0.03 0.20 ± 0.02* 0.26 ± 0.03 0.39 ± 0.07** 0.43 ± 0.03 0.52 ± 0.03**Lipid hydroperoxides, nmol/mg protein 0.53 ± 0.05 0.53 ± 0.04 0.38 ± 0.06 0.55 ± 0.1 0.53 ± 0.05 0.48 ± 0.05Catalase, nkat/mg protein 4.68 ± 0.30 3.58 ± 0.09* 3.79 ± 0.63 3.03 ± 0.35 3.41 ± 0.20 4.15 ± 0.22*Superoxide dismutase,  arbit. units/min∙mg protein 284 ± 25 275 ± 18 378 ± 82 461 ± 74 428 ± 50 362 ± 36
Glutathione peroxidase, nmol/min·mg protein 143.9 ± 6.4 113.9 ± 1.7* 164.1 ± 27.9 153.6 ± 21.9 102.0 ± 8.8 79.0 ± 7.7**
Glutathione-S-transferase,   nmol/min·mg protein 45.6 ± 3.8 36.7 ± 0.66* 57.8 ± 7.6 71.9 ±  8.0 78.5 ± 8.4 88.8 ± 10.4
Notes: (here and at Tab. 2): * – Р ≤ 0.05; ** 0.05 < Р≤ 0.1 compared to the control. 
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pact of that compound. β-PhEA-OSAA, on the contrary, slowed down the rate of the primary and intermediate 
reactions of the LPO, as evidenced by a significant (23 %) reduction in the content of DC and by more than one third of TBARS content in the organ homogenate. These chan- ges may be connected to the expenditure of resources of the antioxidant system (AOS): a reducing activity of 
the anti-peroxide enzymes (catalase and GPx) and also 
of GSТ responsible for the second phase of metabolites 
detoxification including LPO products (Tab. 1). The de-celeration of the free radical oxidation in its turn is re-
flected in the state of the liver antioxidant protection [15].With a four-fold decrease of the administrated doses of SD’s the increasing rate of generation of LPO products in the pancreas and the liver tissues was only registered 
under the influence of 2-HPhSA at a dose 17 mg/kg (Tab. 2). The content of TBARS in the pancreas homogenate in-
creased by 23 % (p < 0.05), but this effect was twice less pronounced compared to the same direction changes after the application of that compound in a higher dose. These changes were accompanied by one and half-fold augmen-tation of the SOD activity in the pancreas homogenate 
(p < 0.05), which is a sign of the increased resistance of the organ against reactive oxygen and nitrogen species. Under the impact of 2-HPhSA at a small dose in the liver 
tissue we registered a rising tendency in the content of 
TBARS and LHP (0.05 < Р ≤ 0.1), but also a substantial boosting in the anti-peroxide defense of the organ due to 
a compensatory stimulation of GPx and catalase activity 
by 1.6 and (p < 0.05) 1.4 times (p < 0.05) respectively.
Under the influence of β-PhESA at a dose 18 mg/kg, on the contrary, we recorded a reduction of LHP content 
in the liver homogenate (0.05 < p < 0.1). The application 
of β-PhEA-OSAA (25 mg/kg) also proved to slow down the LPO reactions, as evidenced by a 26 % reduction of 
the DC content in the liver homogenate (0.05 < p<0.1) and by a 15 % diminution of LHP content in the pancreas ho-
mogenate (0.05 < p < 0.1). In the rat liver after the introduc-
tion of β-PhEA-OSAA we noted a significant decrease in SOD activity which perhaps serves as an adaptive reaction linked to a lessening need in dismutation of an excessive amount 
of superoxide anion radicals. However, the GSТ activity in the liver homogenate increased, and this change shows 
the activation of the ІІ phase of detoxification (Tab. 2).Toxicological study of SD’s effects by criteria of the oxi- dative and anti-oxidative homeostasis shiftings enabled us to delineate pancreas as their primary target organ. In sub-toxic doses these compounds proved to stimulate the LPO processes through decreasing the resistance of an organ with cells deprived of an effective ferment pro-Table 2
PARAMETERS OF LIPOPEROXIDATION PROCESSES AND ANTIOXIDANT SYSTEM STATE IN RAT  
PANCREAS AND LIVER UNDER SUB-ACUTE IMPACT OF β-PHENYLETHYLAMIDE OF 2-OXYSUCCINANYL  
ACID (β-PHEA-OSAA) AT A DOSE 1/400 DL50, 2-HYDROXYPHENYLSUCCINAMID (2-HPHSA)  
AND β-PHENYLETHYLSUCCINAMID (β-PHESA) AT EQUIMOLAR DOSES (X ± Sx, n = 8)
Parameters Control 1 β-PhEA-ОSAA, 25 mg/kg Control 2 2-HPhSА,  17 mg/kg Control 3 β-PhESА,  18 mg/kgPancreas homogenate Dienic conjugates, µmol/g tissue 44.6 ± 5.8 37.0 ± 5.3 44.9 ± 4.7 42.3 ± 2.4 39.4 ± 2.6 42.1 ± 2.9
ТBA-reactive substances, µmol/g tissue 68.7 ± 3.7 71.0 ± 4.3 64.1 ± 2.6 78.2 ± 3.2* 62.5 ± 2.8 61.1 ± 3.2Lipid hydroperoxides, µmol/g tissue 54.7 ± 4.0 46.3 ± 2.6** 48.4 ± 1.4 46.0 ± 2.9 67.3 ± 1.4 68.9 ± 6.3Catalase, µmol/min·g tissue 55.9 ± 0.9 56.0 ± 0.8 62.8 ± 2.8 68.3 ± 4.4 44.6 ± 1.8 44.4 ± 1.1Superoxide dismutase,  
arbit. units/min∙mg tissue
156.4 ± 6.9 138.9 ± 12.2 70.9 ± 7.2 99.9 ± 7.1* 124.3 ± 5.6 121.3 ± 4.9Liver homogenateDienic conjugates, nmol/mg protein 0.19 ± 0.01 0.14 ± 0.02** 0.16 ± 0.02 0.16 ± 0.01 0.13 ± 0.02 0.10 ± 0.02
ТBA-reactive substances, nmol/mg protein 0.26 ± 0.01 0.25 ± 0.02 0.22 ± 0.03 0.29 ± 0.02** 0.26 ± 0.02 0.26 ± 0.05Lipid hydroperoxides, nmol/mg protein 0.63 ± 0.09 0.58 ± 0.14 0.51 ± 0.06 0.70 ± 0.09** 0.50 ± 0.06 0.35 ± 0.04**Catalase, nkat/mg protein 4.64 ± 0.37 4.34 ± 0.35 3.68 ± 0.17 4.97 ± 0.26* 4.06 ± 0.21 4.09 ± 0.37Superoxide dismutase,  arbit. units/min∙mg protein 429 ± 20 325 ± 39* 420 ± 33 465 ± 78 387 ± 17 369 ± 51
Glutathione peroxidase, nmol/min·mg protein 111.1 ± 9.8 110.5 ± 14.4 125.2 ± 13.4 202.8 ± 30.3* 125.2 ± 13.4 101.8 ± 6.8
Glutathione-S-transferase,   nmol/min·mg protein 45.7 ± 4.8 64.9 ± 8.2** 75.9 ± 10.6 68.7 ± 5.4 75.9 ± 10.6 55.7 ± 11.5
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tection from the free radicals. However, we registered 
the much lesser respective activity of β-PhEA-OSAA than 
of its metabolites, β-PhESA and 2-HPhSA. Hence we hypo- 
thesized that the β-PhEA-OSAA mono-introduction when it is accompanied with its metabolites formation in an 
organism would bring their smaller summarizing effect on the LPO reactions than in case of their isolated intro-duction, i.e. there exists the antagonism of impact as an element of their combined action [16]. It should also be 
noted that the β-PhEA-OSAA metabolism is fractional, and out of its two metabolites the highest concentration 
and durability of presence in the system blood flow is at-
tributed to β-PhESA which obviously plays the larger part in the pro-oxidant effect of the maternal compound [17]. 
When administered in relatively small doses, β-PhEA-OSAA 
and β-PhESA did not essentially change the activity of the LPO reactions in the pancreas tissue, unlike 2-HPhSA that slightly intensified them so forth strengthening the anti-oxidant protection of the organ. And also, unlike 
β-PhESA, 2-HPhSA is promptly eliminated from an orga- nism so cannot essentially affect the activity of the ma-ternal compound re. the LPO-AOP system [17].The changes of a metabolic activity of the liver are interrelated to the ones in the functional state of the pan-creas. However, the liver as the main organ of the detoxi-
fication of xenobiotics, in contrast to the pancreas, has a high reserve-adaptive potential to prevent the genera-tion of the products of free radical oxidation and thus to restrain the development of an oxidative stress in the con-ditions of intoxication [18]. After sub-acute introduction 
of the sub-toxic dose of β-PhEA-OSAA the LPO processes in the liver tissue, on contrary, slows down, and this ef-fect due to certain expenses of antioxidant reserves in the organ and has dose-dependent character. With an 
introduction of β-PhESA in the organism at a relatively 
small dose its influence on the state of the LPO proces- 
ses manifests in the same direction as for β-PhEA-OSAA. 
However β-PhESA at the sub-toxic dose as well as 2-HPhSA at both tested doses causes increasing in the content of the intermediate LPO products in the liver, but in parallel adaptation mechanisms are activated, which contribu- tes to the increase the resistance of the organ against toxic free radicals impact.
Caused by the SD’s influence, the changes of pro/antioxidant status in the pancreas and liver that are al-lied functionally as the central organs of the digestive sys-
tem and metabolism, can provoke significant changes in most metabolic processes of the organism.
CONCLUSIONS 1. Within the sub-acute introduction, β-phenylethyl- 
amide of 2-oxysuccinanyl acid (β-PhEA-OSAA) at a dose 100 mg/kg (1/100 DL50) and its metabolites – 2-hyd- 
roxyphenylsuccinamid (2-HPhSA) and β-phenylethyl- 
succinamid (β-PhESA) at equimolar doses (72 mg/kg and 68 mg/kg resp.) stimulate lipid peroxidation reac-tions in the pancreas and also contribute to the re-duction in activity of the antioxidant system in the or-
gan, yet β-PhEA-OSAA gives a way by these criteria to its metabolites. With the four-fold reducing doses, the same (but less intensive) direction of changes in the lipid peroxidation processes are caused by 2-HphSA, that also proved to strengthen the antioxi-dant protection of the pancreas.2. Under the sub-acute administration of β-PhEA-OSAA the lipid peroxidation processes in the liver are slo- wed down. This effect has a pronounced dose-depen- dent nature and is related to certain expenses of anti-oxidant resources in the organ, but these reserves far exceed the potential of the free radicals counteraction 
in other organs. β-PhESA at a dose 18 mg/kg influ-ences the state of the lipid peroxidation processes in 
a similar way. After application of β-PhESA at a dose 72 mg/kg and 2-HphSA at a dose 68 mg/kg, in the li- ver the content of the intermediate products of the li-pid peroxidation increases slightly, but antioxidant defense of the organ also augments due to activation of its adaptation mechanisms.3. The most active of the studied compounds by the pro- oxidant action criteria (increase in content of the li-pid peroxidation products in the pancreas and liver 
tissues) is 2-HPhSA, one of β-PhEA-OSAA metaboli- 
tes, but time of its stay in the blood flow is signifi-cantly smaller than of two other studied compounds. Considering a nature of changes of the lipid peroxi- 
dation parameters and antioxidant enzymes activi-
ties, β-PhESA as a product of β-PhEA-OSAA biotrans-formation can essentially contribute to the effects of its parent compound over the pro/antioxidant sta-tus of the rat pancreas and liver.4. The changes of the pro/antioxidant homeostasis in-duced by the succinate derivatives in the pancreas and liver that serve as the central organs of metabo-lism are interdependent and can affect the state of the majority of metabolic processes in the organism.
Conflict of interests: authors have no conflict of interests to declare.
REFERENCES1. Биологическая роль и метаболическая активность янтарной кислоты / А. А. Евгилевский, Г. Ф. Рыжкова, Е. П. Евгилевская и др. // 
Вестн. Курской гос. акад. – 2013. – № 9.0 – С. 67–69.2. Симонян, Е. В. Влияние новых лекарственных форм кислоты янтарной на процессы свободнорадикального окисления / Е. В. Симонян, 
Ю. В. Шикова // Успехи современного естествознания. – 2014. – № 12 (3). – С. 231–235.3. Яснецов, В. В. Исследование влияния сукцинатсодержащих препаратов на дыхание митохондрий клеток головного мозга крыс / В. В. Ясне-
цов, Е. П. Просвирова, Е. Г. Цублова // Эксперим. и клин. фармакол. – 2012. – Т. 75, № 7. – С. 8–10.4. Tretter, L. Succinate, an intermediate in metabolism, signal transduction, ROS, hypoxia, and tumorigenesis / L. Tretter, А. Patocs, С. Chinopoulos // 
Biochem. Biophys. Acta. – 2016. – Vol. 1857, № 8. – P. 1086–1101. https://doi.org/10.1016/j.bbabio.2016.03.012
[49]
Ukraïns’kij bìofarmacevtičnij žurnal, No. 3 (60) 2019 ISSN 2311-715X (Print)ISSN 2519-8750 (Online)
5. Горбенко, Н. І. Патогенетичне обґрунтування ефективності похідного янтарної кислоти – фенсукциналу в терапії цукрового діабету та 
його судинних ускладнень (експериментальне дослідження) : автореф. дис. ... д–ра біол. наук : 14.01.14. – Х., 2004. – 36 с.6. Guengerich, F. P. Mechanisms of drug toxicity and relevance to pharmaceutical development / F. P. Guengerich // Drug Metab. Pharmacokinet. – 
2011. – Vol. 26, № 1. – P. 3–14. https://doi.org/10.2133/dmpk.dmpk-10-rv-062 https://search.crossref.org/?q=Mechanisms+of+drug+toxicity+and+relevance+to+pharmaceutical+development7. Lenzen, S. Chemistry and biology of reactive species with special reference to the antioxidative defence status in pancreatic β–cells (review) / 
S. Lenzen // Biochem. Biophys. Acta Gen. Subj. – 2017. – Vol. 1861, № 8. – Р. 1929–1942. https://doi.org/10.1016/j.bbagen.2017.05.0138. Плацер, З. Определение диеновых конъюгатов и общих гидроперекисей в биологических материалах / З. Плацер, М. Видлакова, 
Л. Купила // Чехосл. мед. обзор. – 1970. – Т. 16, № 1. – С. 30–34.9. Asakawa, T. Colorings conditions of thiobarbituric acid test for detecting lipid hydroperoxides / Т. Asakawa, S. Matsushite // Lipids. – 1980. – Vol. 15, 
Issue 3. – Р. 137–140. https://doi.org/10.1007/ BF0254095910. Стальная, И. Д. Метод определения малонового диальдегида с помощью тиобарбитуровой кислоты / И. Д. Стальная, Т. Г. Гаришвили // 
Соврем. методы в биохимии. – М., 1977. – С. 66–68.11. Метод определения активности каталазы / М. А. Королюк, Л. И. Иванова, И. Г. Майорова, В. Е. Токарев // Лаб. дело. – 1988. – № 1. – С. 16–19.12. Арутюнян, А. В. Методы оценки свободнорадикального окисления и антиоксидантной системы организма : метод. рек. / А. В. Арутю-
нян, Е. Е. Дубинина, Н. Н. Зыбина. – СПб. : Фолиант, 2000. – 104 с.13. Овсяннікова, Л. М. Біохімічні та біофізичні методи оцінки порушень окислювального гомеостазу в осіб, що зазнали радіаційного впли-
ву внаслідок аварії на ЧАЄС : метод. рек. / Л. М. Овсяннікова, С. М. Альохіна, О. В. Дробінська. – К., 1999. – 18 с.14. Гаспаров, В. С. Определение белка по связыванию с красителем Кумасси бриллиантовым голубым G–250 / В. С. Гаспаров, В. Г. Дегтярь // 
Биохимия. – 1994. – Т. 59, Вып. 6. – С. 763–775.15. Kandola, K. Oxidative stress – a key emerging impact factor in health, ageing, lifestyle and aesthetics (review) / К. Kandola, А. Bowman, М. Birch–
Machin // Int. J. Cosmet. Sci. – 2015. – Vol. 37, Suppl. 2. – P. 1–8. https://doi.org/10.1111/ics.1228716. Фармакологія : підруч. для студ. вищих навч. закладів / за ред. І. С. Чекмана. – Вінниця : Нова книга, 2013. – 792 с.17. Состояние про–антиоксидантного гомеостаза и метаболизма оксида азота при субхроническом воздействии производного янтарной 
кислоты / М. Я. Кудря, О. С. Лалименко, И. В. Завгородний и др. // Укр. журн. з проблем медицини праці. – 2016. – № 4 (49). – С. 73–81.18. Czaja, A. J. Nature and implications of oxidative and nitrosative stresses in autoimmune hepatitis (review) / A. J. Czaja // Dig. Dis. Sci. – 2016. – Vol. 61, 
№ 10. – P. 2784–2803. https://doi.org/10.1007/s10620-016-4247-6
REFERENCES1. Evglevskij, A. A., Ryzhkova, G. F., Evglevskaja, E. P., Vanina, N. V., Mihajlova, I. I., Denisova, A. V., & Eryzhenskaja, N. F. (2013). Vestnik Kurskoj gosu-
darstvennoj sel’skohozjajstvennoj akademii, 3, 67–69.2. Simonian, E. V., Shikova, Iu. V. (2014). Uspekhi sovremennogo estestvoznanii, 12 (3), 231–235.3. Iasnetcov, V. V., Prosvirova, E. P., Tcublova, E. G. (2012). Eksperimentalnaia i klinicheskkaia farmakologiia, 75 (7), 8–10.4. Tretter, L., Patocs, A., & Chinopoulos, C. (2016). Succinate, an intermediate in metabolism, signal transduction, ROS, hypoxia, and tumorigenesis. 
Biochimica et Biophysica Acta (BBA) – Bioenergetics, 1857 (8), 1086–1101. https://doi.org/10.1016/j.bbabio.2016.03.012.5. Horbenko, N. I. (2004). Patohenetychne obgruntuvannia efektyvnosti pokhidnoho yantarnoi kysloty – fensuktsynalu v terapii tsukrovoho diabetu 
ta yoho sudynnykh uskladnen (eksperymentalne doslidzhennia). Extended abstract of Doctor’s thesis. Kharkiv, 36.6. Guengerich, F. P. (2011). Mechanisms of Drug Toxicity and Relevance to Pharmaceutical Development. Drug Metabolism and Pharmacokinetics, 26 (1), 3–14. https://doi.org/10.2133/dmpk.dmpk-10-rv-062 https://search.crossref.org/?q=Mechanisms+of+drug+toxicity+and+relevance+to+pharmaceutical+development7. Lenzen, S. (2017). Chemistry and biology of reactive species with special reference to the antioxidative defence status in pancreatic β-cells. Bio-
chimica et Biophysica Acta (BBA) – General Subjects, 1861 (8), 1929–1942. https://doi.org/10.1016/j.bbagen.2017.05.0138. Platser, Z., Vydlakova, M., Kupyla, L. (1970). Chekhosl. med. obzor, 16 (1), 30–34.9. Asakawa, T., Matsushite, S. (1980). Colorings conditions of thiobarbituric acid test for detecting lipid hydroperoxides. Lipids, 15 (3), 137–140. 
https://doi.org/10.1007/ BF0254095910. Stalnaia, I. D., Garishvili, T. G. (1977). Sovremennye metody v biokhimii. Moscow, 66–68.11. Koroliuk, M. A., Ivanova, L. I., Maiorova, I. G., Tokarev, V. E. (1988). Laboratornoe delo, 1, 16–19.12. Arutiunian, A. V., Dubinina, E. E., Zybina, N. N. (2000). Metody otcenki svobodno-radikalnogo okisleniia i antioksidantnoi sistemy organizma: metod. 
rekomendatcii. St Petersburg: Foliant, 104.13. Ovsiannіkova, L. M., Alokhіna, S. M., Drobіnska, O. V. (1999). Bіokhіmіchnі ta bіofіzichnі metodi otcіnki porushen okisliuvalnogo gomeostazu v osіb, 
shcho zaznali radіatcіinogo vplivu vnaslіdok avarії na ChAES : metod. rekomendatcії. Kyiv, 18.14. Gasparov, V. S., Degtiar, V. G. (1994). Biokhimiia, 59 (6), 763–775.15. Kandola, K., Bowman, A., & Birch–Machin, M. A. (2015). Oxidative stress – a key emerging impact factor in health, ageing, lifestyle and aesthetics. 
International Journal of Cosmetic Science, 37, 1–8. https://doi.org/10.1111/ics.1228716. Chekman, I. S., (Ed.). (2013). Farmakolohiia: pidruchnyk dlia studentiv vyshchykh navchalnykh zakladiv. Vinnyitsya : Nova knyiga, 792.17. Kudrya, M. Ya., Lalyimenko, O. S., Zavgorodniy, I. V., Melnikovskaya N. Vic., Ustenko, N. V., Shalamay, A. S. (2016). Ukrayinskiy Zhurnal z Problem 
Meditsini Pratsi, 4 (49), 73–81.18. Czaja, A. J. (2016). Nature and Implications of Oxidative and Nitrosative Stresses in Autoimmune Hepatitis. Digestive Diseases and Sciences, 61 (10), 2784–2803. https://doi.org/10.1007/s10620-016-4247-6
[50] Фармакологія та біохімія
Український біофармацевтичний журнал, № 3 (60) 2019ISSN 2311-715X (Print) ISSN 2519-8750 (Online)
Information about authors:
Palagina I., Senior Researcher of the laboratory of Toxicology and Hygienic Standardization of Drugs, Candidate of Biochemistry, V. Y. Danilevsky 
Institute of Endocrine Pathology Problems, NAMS of Ukraine. E-mail: lab-tox@ukr.net; ia_palagina@ukr.net.  ORCID: https://orcid.org/0000-0002-9318-8377
Відомості про автора
Палагіна І. А., канд. біол. наук, старший наук. співроб. лабораторії токсикології та гігієнічного регламентування лікарських засобів, 
ДУ «Інститут проблем ендокринної патології імені В. Я. Данилевського НАМН України».  
E-mail: lab-tox@ukr.net; ia_palagina@ukr.net. ORCID: https://orcid.org/0000-0002-9318-8377
Сведения об авторе
Палагина И. А., канд. биол. наук, старший науч. сотр. лаборатории токсикологии и гигиенического регламентирования 
лекарственных средств, ГУ «Институт проблем эндокринной патологии имени В. Я. Данилевского НАМН Украины». 
E-mail: lab-tox@ukr.net; ia_palagina@ukr.net. ORCID: https://orcid.org/0000-0002-9318-8377
Надійшла до редакції 01.06.2019 p.
